BACKGROUND: Studies on the ability of supplemental oxygen to decrease the incidence of postoperative nausea and vomiting (PONV) are inconsistent, with initial studies suggesting benefit while subsequent trials demonstrate no decrease in PONV. METHODS: To clarify whether supplemental oxygen is an effective and reliable method to reduce PONV, we performed a systematic review (MEDLINE, Cochrane Library, hand searching and bibliographies, with no language restriction, through March 2006) of randomized, controlled trials comparing perioperative 80% versus 30%-40% Fio 2 on the incidence of PONV. For this systematic review, PONV was defined as any nausea, retching, and/or vomiting in the first 24 h after surgery. The end-points were early PONV (0 -6 h), late PONV (6 -24 h), and overall PONV (0 -24 h). Data from 10 trials with 1729 patients were included in our meta-analysis: 860 received 80% Fio 2 and 869 received 30%-40% Fio 2 . RESULTS: In patients who received 80% Fio 2 ,the relative risk (95% confidence intervals) of experiencing early PONV was 0.91 [0.71-1.16]; late PONV, 0.88 [0.69 -1.11]; and overall PONV, 0.91 [0.77-1.06]. Results were similar for early, late, and overall nausea and vomiting. CONCLUSIONS: The positive results of two initial studies reducing the risk for PONV in patients given 80% Fio 2 were not confirmed by any of the subsequent trials. Considering all available evidence, 80% Fio 2 should no longer be considered an effective or reliable method to reduce overall PONV. PON ϭ postoperative nausea; POV ϭ postoperative vomiting; PONV ϭ postoperative nausea and vomiting; PACU ϭ postanesthesia care unit. a Randomization/blinding/follow-up. b Abstract presented at the
St udies on the use of supplemental oxygen to decrease the incidence of postoperative nausea and vomiting (PONV) have yielded controversial results, resulting in confusion among clinicians whether to use supplemental oxygen as a strategy to reduce the risk for PONV. We therefore performed a systematic review to collect and analyze the best available evidence on the effectiveness of this intervention.
The idea that supplemental oxygen may have antiemetic properties originated from studies investigating the decreased emetogenic effect of nitrous oxide in patients receiving high concentrations of oxygen instead of air. Overdyk and Roy were first to question whether the reduction in PONV in such studies was the result of high concentrations of supplemental oxygen rather than the absence of nitrous oxide. 1 Two years later, Greif et al. 2 reported in a randomized, controlled study that supplemental oxygen reduces the incidence of PONV; however, this trial was not designed to demonstrate a reduction in PONV but rather in wound healing. Subsequently, the same group found that supplemental oxygen was at least as effective in reducing PONV after gynecological laparoscopy as it was after colon surgery, leading Goll et al. to postulate that supplemental oxygen might decrease subtle intestinal ischemia under anesthesia and, consequently, decrease the incidence of PONV. 3 Subsequent trials comparing supplemental oxygen with standard oxygen in nitrogen have not confirmed these promising initial results. 4 -8 To resolve this controversy, we performed a systematic review to determine whether supplemental intraoperative oxygen is a promising clinical strategy to reduce PONV.
METHODS
We performed a systematic search for randomized, controlled trials that tested the hypothesis that prophylactic supplementation of air with high (80%) versus low (30%-40%) oxygen concentration during general anesthesia decreases PONV. Patients who received 80% oxygen in air are referred to as the "supplemental oxygen" group and patients who received 30%-40% oxygen are referred to as the "air" group.
The main outcomes were emetic events reported in a dichotomous form (i.e., presence or absence of nausea, vomiting, and/or retching with either supplemental oxygen or air). We searched MEDLINE (from 1996), Science Citation Index, and Cochrane Library (Issue 4, 2004) databases without any language restriction using the following free text and associated MeSH terms: [oxygen AND (nausea OR vomiting)] OR (supplemental oxygen AND anesthesia). References within all identified studies were hand-searched until no new references were found. The last electronic search was performed in July 2005 and updated in March 2006.
Three authors (C.C.A., M.O.S., and P.K.) independently read all reports and abstracts that could possibly meet the inclusion criteria and scored them based on the reported methodology, including adequacy of randomization and allocation concealment, blinding of the study, and description of withdrawals (Jadad Scale). 9 The reports were also assigned a nonnumerical assessment based on the Cochrane Reviewers' Handbook.
Data on type of surgery, risk factors, interventions, and outcomes in each trial were extracted using a prespecified format in an Excel worksheet. We distinguished between abdominal and nonabdominal surgery because differences in outcome might depend on underlying pathophysiological mechanisms.
Incidence of PONV was extracted and evaluated for three time periods: the early period was defined as the earliest reported interval within 0 -6 h after surgery, the late period was defined as 6 -24 h after surgery, and the overall period was defined as 0 -24 h after surgery. When incidence of events was reported for different early intervals, we chose the earliest interval (e.g., 0 -2 h instead of 0 -6 h) to increase the chance of detecting different effects in the early versus the late periods.
Nausea was defined as an unpleasant sensation with awareness of the urge to vomit. Emesis was defined as successful or unsuccessful expulsion of gastric contents (vomiting or retching). PONV was defined as any nausea, retching, and/or vomiting. All events (nausea, emesis, and PONV) were extracted in dichotomous form. These events were analyzed separately.
For sensitivity analyses, we further explored the data for robustness of the obtained results by separating the included trials according to type of surgery (abdominal and nonabdominal surgery), and we also reevaluated the subsequent trials excluding the first two original trials, 2,3 given that these results have not been reproduced by others. A random effects model was used for the calculation of relative risks (RRs) with supplemental oxygen versus air and the associated 95% confidence intervals (CI) (Review Manager 4.2, Cochrane Collaboration, Oxford, UK). When the 95% CI around the RR did not include the number one, we assumed a statistically significant difference between supplemental oxygen and standard oxygen in nitrogen (air).
RESULTS
Our electronic search revealed five studies that met our inclusion criteria. [2] [3] [4] [5] [6] A hand search of anesthesia meeting abstracts and personal communications revealed an additional study from our own group, 7, 8 two then unpublished studies, 10, 11 and one abstract. 12 For the two unpublished studies, the primary investigators responded to our inquiries and provided data after the articles were accepted for publication. 10, 11 One study was initially published as an abstract but has since been published as a full paper. 12 A further published trial was found on secondary electronic search and contained three groups in which the patients were randomized to 30, 50, or 80% oxygen in nitrogen. 13 We included the 30% and 80% oxygen groups in this meta-analysis. A final included study was found in the dental literature. 14 One study was excluded because we considered the comparison of 50% versus 30% oxygen too small a difference to reveal an antiemetic effect. 4 Thus, 1729 patients from 10 studies are considered in this meta-analysis ( Table 1) .
The RR for PONV within the first 24 h after surgery in the patients receiving 80% oxygen as opposed to 30%-40% oxygen was 0.91 [95% CI 0.77-1.06] (Fig. 1 ). This finding did not change appreciably when abdominal and nonabdominal surgical patients were analyzed separately; RRs were 0.81 (0.56 -1.18) and 0.97 (0.83-1.12), respectively. Two initial studies that were conducted in Vienna, Austria, had positive results (RRs of 0.56 and 0.49); in contrast, all other studies were negative, which led to heterogeneity among the studies (P ϭ 0.01 in patients undergoing abdominal surgery and P ϭ 0.10 in all patients). The RRs for early, late, and overall vomiting were 0.72, 0.88, and 0.82, respectively ( Table 2) , none of which were statistically significant. In the abdominal surgery subgroup, supplemental oxygen was associated with significantly decreased vomiting; however, when the two initial positive studies 2,3 were excluded from the analysis, none of the comparisons remained statistically significant. Values for nausea were similar to those of PONV ( 
DISCUSSION
Two initial studies, co-authored by one of our authors (D.I.S.), postulated that oxygen might be effective at reducing PONV via prevention of subtle intestinal ischemia and hypoxia associated with abdominal surgery. 2, 3 Proposed mechanisms included surgical stress 15 or increased intraabdominal pressure, 16 both of which reduce intestinal blood flow. Decreased blood flow is potentially important since subtle ischemia of the intestine might trigger serotonin release, which causes nausea and vomiting in at least some (nonanesthetic) circumstances. 17 However, later studies involving abdominal surgeries were negative for an increased risk of PONV. 5, 7, 8, 12 Considering the heterogeneity among the groups, we tested the hypothesis that the type of surgery might determine the efficacy of supplemental oxygen on PONV. Therefore, we performed a sensitivity analysis of the results based on the type of surgery (abdominal and nonabdominal surgeries). Our results suggest that increased intraoperative supplemental oxygen has no effect on overall PONV, regardless of type of surgery.
The half-life of serotonin is only a few minutes and, as a result, data correlating postoperative levels and PONV are lacking. One study found higher plasma concentrations of serotonin metabolites (5-hydroxyindolic acid) after abdominal surgery to be associated with a higher incidence of PONV 18 ; however, these results have not been reproduced. Moreover, one would expect the emetogenic effects of serotonin to correspond with peak levels of serotonin, i.e., intraoperatively, rather than with the inactive metabolites postoperatively. In accordance with previous studies, 19, 20 Apfel et al. 7 found that ondansetron, a serotonin receptor antagonist, is no more effective than droperidol or dexamethasone in that all reduce the incidence of PONV by approximately 30%, and there is no indication that serotonin-antagonists are more effective for abdominal versus other types of surgery. Additionally, the RR reduction for each of these three antiemetics was independent of the type of surgery, be it abdominal or otherwise. Also of note, the classic "carcinoid triad" associated with a serotoninsecreting tumor includes flushing, diarrhea, and cardiac involvement, but not nausea or vomiting. 21 Thus, serotonin release is unlikely to play a major role in PONV, even after abdominal surgery. It has been suggested that oxygen administration and subsequent high arterial oxygen tension may have a central antinausea effect as a result of decreased dopamine release in the carotid bodies. In support of this theory, Kober et al. 22 reported that supplemental oxygen administration was effective in preventing motion sickness of geriatric patients during prehospital transport, presumably by decreased carotid body stimulation and subsequent dopamine-dependent stimulation of the chemoreceptor trigger zone. However, this finding was not confirmed by Ziavra et al., 23 who could not show a beneficial antinausea effect of supplemental oxygen versus air in a provocative motion trial to mimic motion sickness in volunteers.
Finally, if high oxygen concentration has some intrinsic (perhaps central) antiemetic effect, one would expect this would be most detectable while the high concentration of oxygen is administered. But a study from Goll et al. 3 in which supplemental oxygen was restricted to the intraoperative period was positive, whereas studies from Purhonen et al. 5 and Joris et al. 6 were negative, even though supplemental oxygen was given in these latter studies for an additional 1-2 h after surgery. Furthermore, a study by Ghods et al. 24 confined oxygen administration to the postoperative period alone, and concluded that postoperative oxygen supplementation of 50% did not prevent PONV in patients undergoing cesarean delivery.
In conclusion, although meta-analyses have innate limitations, 25 the results of our systematic review provide evidence that the use of supplemental oxygen does not lead to an overall reduction in PONV. Supplemental oxygen can thus no longer be recommended as an effective strategy to prevent PONV.
